This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



i I 
it 

■i l ; 



5 



ILLUMINATION APPARATUS , PROJECTION BJjDPOSUBB APPARATUS > 



AND DEVICE FABRICATING METHOD 



■^diit# ; 

O0?696l/ filed on ^uar^%,f ^)U3;:, which Is txepb Y ; ' 



lnoqruurated ;by reefer enqc ; ^iprein ih ; its ■ e 
fully set forth herein. 



entirety as it 



10 ^ r-imnoiINP OF THE INVENTION 
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4 The present lnve^ an exposure 

apparatus, and rno^e parfi oularly to an exposure 
apparatus used to^anufao^ura dovices, such, a^ a slnalfc 



15 crystal substrate lor -a 



semiconductor wafer and a glass 
plate for 1 i quid crystal display (LCD) , The 
inve^ioh iio suitable, ; |pr^x^ P le, tor an . exposure 



'lappa that uses as cnpooure light 

.20 :' ' There has nonyeritipnai^ 

• prorj action expoouro a P |aratus_ that us«s: a 

optical system to pro jit, a circuit pattern -on- a masV 
'/(reticle)- onto a waferj; etc. to transfer the circuit 
: .pattern/ in ^ 
2 5 ^eylce as / ' * il^'^'Of ^ 
the photolithography i^hndO-ogy^ 
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The minimum critical diierssiol to fee J^-au^retreU | 
by the projectxon exposurs app*ral4« or resolution: is | 
to a wavelength of light used for ! 
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exposure, and .inversely proportionate tontine numerical: 
aperture ( "NA" ) of! th* projection optica}?, system. Tl • 
ahortor the wavelength is, the better th* resolution.* 
RecenL demands Tor. finer semiconductor, d^vicco have 
promoted a shorter.. wavelength of ultraviolet light from 
an ultra-high .pressure mercury lamp (i-l.j/ne with a r_ 
[wavelength of approximately 365 nm) to KrF excimer 
laser (with a wavelwnyLh of approximately 240 nm) and i 
ArF exnimer laser (with a wavelength .of ^proximately ) 

193 nm) . : 

: ] The lithography using the ultraviolet light has 
the limit to satisfy the imminent demand^ j • Tor .. finer 
Semiconductor - devlrRs. Accordingly, a; .r|duction ; ; : ; 
jprojection cxpopurc. apparatue ; (referred |o as an "EUV 1 
' exposure dppdi at us " hereinafter ) has bee| developed 
wbi r.h uses euv light with a wavelength >je lb to 15 iwg 
shorter than': that of the uTtr*yioi et. Hg|t tcV . \ , • ;| 
' efficiently transfer,, a ^ry .f ine circuit^ pattern of 0 :p 

•pm or less . >,<';}.'■ 
As the fivposurft l ight has a short erii wavelength , 



ito ; absorption: remarkably increases in ^material, and; 



becomes Incompatible with use a refraction element or 
I en« tor /visible light . and ultraviolet. l^yht. ; No .glass 
. material is compatible with a EUV 1 i ghr ' 



i - : 
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f?- wavelength, 



I; 
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rftrj^crtionTtype or ^caWc^tric; optical; system ; is ; | 
used which utilizes only a reflerrive element cr | 
< .^lulLilayer' mirror:.; ; ' A; reticule ;;alo^oc|.;.a : pataoptric - • | 
reticle -chat uses an absorber on a mirror to form a 
• 5 ■ .pattern/ to; te transf erred 1/ ; . , :;/vr.i; : V ;; ; ;^ V-V4; 

• The mirror cannot reflect ail- exposure light , bur. • 
absorbs 30% ox qxedLei of the expo i sure light. The 
energy ol most of 'the absorbed expyWe liyht. turns to 
residual heat and pauses temperature rl se.s ot mirror 
10 ' iand - the reticle . The tcmporature rises even in a .,. 
. mirror holder that suppyrLs the mirror and a reticle j 
y chuck th.t. absorbs the reticle due to the residual hedjt 
: • '". at : the exposure time, the exposure light is gu1.de£ 

.Co clu illumination 'optical 3 y3tci«; o reticle, a 
XJV projection optical system, and a .wafer in this order, ; 
.and each component gener*f.AS the heat as' a result of 
• Absorption of the expoourc light, t in other ^ words, the, 
temperature rises in mirrors in the illumination and L 
projection optical systems, in the reticle, and in the; 
20 .mirror holders and the reticle chnck rlTie to heat . 
' transmissions from the mirrors, and^ rotxcle. However, 
rne temperature rise gradually mitiqates through 
/repetitive exposures and hfioomes aimo at constant at a 
- steady . temperatures . 
25 The EUV exposure apparatus is used for exposure p f 

' a' circuit pattern of 0 .1 urn or smaller, and requires . j' ; 
mirrors (in particular, a reflective surface, of .a . 



'^'j^f/i on optical >ysrem' ; s; mirror) • and' |j : reticle/ Lu 1 
have highly precise surface shapes. A shape error 
f *v ', . a va i U c) is .given in the Marshal © 



■:1 



el a 



criterion as Equation 1. below., where h is|a 
: W EUV light, and h i:s thW number bt mirrors in the 
projection optical system: .'• ■ fx;-'-;- 



10 



15 



, 28 XV" 

For example, where the EVT.T light h*| a waveiengtr 
v 0 f 13 nm and; the projection 'opt ioal system uses four j 
jmirrors, the shape erroribudget a; : ;bec^me|V;PY?.^ 
iwhen thft temperature rises in mirrors In 
-optical oyotom as a. result of exposure;. l£g 
|db sorptions ,; a def br-med ^ri ace;: shape possibly; 
ittji e perml ssiOle shape errors and make a : imaging 
'performance insufficient, i , .Lowered resolution anj j 
'cktafast and Insuffioiont transfers of fine patterns .t 
|.J. : According lyV Uiese: mirrors ' and reticle use a iow< 
! thermal . expansion |J- a£5 S having; a : low coefficient of " 



the pro 'leCUit \ 



exceed 



20 



25 



'I linear expansion; | , ' 10 ppb for reHnWed heat 
/i difoiimations of their shapes duo to tho temperature: 
' / changes • Since -rh^ low ; Lherhial expavis ion : glass ~ has 
frigidity and ?it I y made thick/xo reduce 

def ormationo >y pxterhal 'fore This.^ecjuir.^s.V 
however, an extremely long time for a temperature. 
: distribute nW to r.urn: to. a steady state. : : ■ . .. •. 
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The- thermal strain amount varies whijLe the. 



the. steadyM, 



^.mppratiire distribution funis greatly ; lt|? the S 
slate), and the mirroto and reticle vary |their surface 



■ siUpes, positions, etc., .making the transfer accuracy 
tie .low for exposure, and reducing Jthe throughput. m 
' afditien, ' a-lohg ;. standby •time 'to- expbsur| or long hoh- 
|>:po S ure time :\^u ; ld ;V decg^ thc : 

mirrors ahd : Reticle ,/whi^ . 

. - -siat^ 

or longer for thermal . stability. . • :|*:- •■ 

:;; Accordingly, there has been providec|- an exposure -. 
apparatus that; provides means for hearing a mirror 
other than the exposure light, makes constant' the h**t 
absorbed by thc mirror, arid maintains the! thermal, 
^ability when the exposure liqhL L shi^ldet (see, for 
■^ii^i'^^^se f^tBrtt Putolicat^n.NO.]-5-2S1117) . 



However, it ie difficult for |eating means having 
wavelength different from that of the. |xpo£ure; light ;K 

-to'Vheat ;a;:ml^^ 



20 because the mirror 



anrt rAtirle. have dittfjrent 

. if 



, liqh L wavelenqths 



absorptive cocf f ieicntc to optical energy according to 



. • Strict coincidence 



of the 



■•';[■.-. 



temperature rise with that at the exposure time 
requires one by one heating of a mirror, making the j 
25 structure complicated and increasing the|cos^. 

It Is conceivable to repeat lip saui| action 
between the exposure time and the ^t*ndb| + ttwt 

. " ■ - . . ' i '■- - 
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e that 



waits tor exposure. However, the standby • tin 
i terates, similar to thA A^po.siirp. time, ^prciped^re 
that includes the steps of introducing a-wafe^. fixing 
■pi- e wafer on the waiZei chuck;; irradiating? "the: 

^/af gr./ pauses - 



ght onto the f &r and taking ■ cmp xhe 
problems f ouch ae arduous wafer |c^rying 
and worn cuniaot . p^ts., in a waf<?rjeedin 



I 



If a wafer . chuck absorbs Lfe#arei. like 



the w 



•]••• 
i 



•Si '.n .ffipd (tint, 



cm, 
the 



exposure time >t the stanHby, f."i 

'temperature riocc and the waf ©r fc^ck ,\te^^ii^e .'-.rll se^: 
similarly- Lhruuyh the waf ei : ,/ : - ^S-inc |:-the ;|^pos,urc/ time 
oauaily carries in the wafer one a per ajioLh^^ *"<i 
; cirriee it . out after irradiating t: p expo'snrf; light: 
it, the wafer temperature doco no^ 



lb , 



th<* wafer absorbed 



Oh the other tjand, if the! s u| |dby t|^e ; |aintaips 



time, the wdfer ch^k; a t erciperaitur p bee 

thaL dL thtt actual exposure time. ;J |;*hio :'-||cian«r that the 
wkf*r. chuck- has different tempera^ pife di|triUuti;pxia 
between the exposure f imR. arid, the non- e xpo sure t.ime* 
Therefore, when th| expoouro ot:art:p f orm^the^ standby 

| thai; abborbo 



rime, the temperattJUe of the wafe^ chuck 



ris^ •'g5rea^ 



•I 



hy the water chack like the exposure 

¥ ..{<:..*■ . i . ■ I' 

.©s higher tbaTp 



the wafer vflrifis, c|etorms the wafer, aha; 'deteriorates 
•the transfer precision. 



H. f 



si 



to 



n 



if- 



BRIEF SUMMARY OF THE : INVENTION 



■I: • 



10 



15 



2 0 



Accordingly, it is >an exernpl ary obj ept ot the 



present invention to provide an exposure -apparatus that 
almost .equalizes . cemperature,U|sL^ibutio^; of its •• :| 
element between the expos vrrp> time an|l th^jr non-exposure i 
time for .maintained resolution and improved throughpnt - 

. An exposure ^paratua of .one >ab^oct [according to 
the present inVf ntion having an .exposure 
transfers a pattern on a ret io I p>. onto an 



standby : mode : :that - wait o for exposure includes an 



mode that 
jpbj ect , : and ;a, 



optical system for introducing the expoa&c light to 



object in the exj^b fox ... 



pi. lowing the exposure . light to enter: the}: ret i c I-a and /or 
jlhe optical system in the standby mode , ^nd for 
pi^venr.ing the expo sure 1 igh L Xi yid^ tint er|ng the object 
in the standby mode. *rh<=* ft^posure apparatus may 
further include a light oource that emits the exposure 



light in itlie s Lcuidliy mode : The exposure 



ieiamp i ^r nxrreme ultraviolet light havlix 

6:: . 2 O^p' or less r ; : ; • ". ■■■■ ■ .'- 



The; mechanism jRiay include an : absorption member 
Itiat a^ exppsu^ ;fdr:. : 

(driving the absorption TTiAnyber between a (first 



flight ic, for 



25 oi an optical path of the exposure light; and a second 



position apart JCruni Llie optical path of 



iOil 



■fch e';':e kp o ourc 



i ght., and :a controller' fdr - cohtrcjlliiiqi 



driylhy by the' 



1 1 



it 
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drive .-m^chflrii sm : ;so> t h at:. - -the •v.ai>so:rp|5Lon. -icvember • -absorbs 
tho exposure light in the standby mode. .The expo si lr p. ' 
appaxaLus may further include a project ion optical 
system for projecting the pattern onto Lhe ob|«cL r and 

\ \S. ■ vv7Her0in v th:e -first • pp.siti^ 

projectioriV optical oyotcm and tho object ^ * 

The exposure apparatus may jpuither include, a stag<^ 
for movab l.y supporting the object, wherein the 1 
mochanicm includes a drive mechanism for driving the 

1 0 stage, to . move the object 'to; a..p6oition : apart f rom an. 

optical path of the exposure liqh-L. The medianism may 
further include/- :an : 3h*hr£^ the 
exposure light, the absorption' mernber-b^ing -drivea by • 



Life dxive mechanism between .a first 



oh on an 



o]|t i r:^ V path o± tj^ exposure \llgh^>-<:and":a ! --Becor^a\ 

1 ' ' ' ' 



• position apair1: fr^a- theVopticai p 



> ^ihd a .controller, for . controlling driving, by the 
drive mechanism so that the dbbui p Lion member absorbs 
th© exposure 1 i ght in the standby mode . 

A ehuck of another aspect according to the present 
Invention fixtib an object to be exposed, onto which a 
p;ir,r.ftr ; n .on a reticle is . exposed, '.aitd ' iiiuludtii a contact: 
part that contacts and fixes the phjerts, wherein a , 



n 



contact ratio of the contact part 



a| sur 



3i"sV' 2 0 % or smaller on 



surface of object Which coiitacL^ the contact part 
An exposure apparatus having the jabove chuck: also 



8r 



1 



v. k. 

- A- ' 



V. 
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consi-ljtu-refi nn.<* aspect according t| the present |. 
: ;inyentjipri- ,' |_- 

A standby method of still another a3pcct according 
to che present invention for wax Ling for exposure that 
transfers a pattern on a reti rl « onto an objectt | 
absorbed by a wafer chuck through exposure liglrt and an 
optical system includes Llie steps of irradiating th<p 
ftxposnre light to the reticle and/or. -the optical ayaLe|n f 
and shielding th© Object : !; f dnriri^ 
the irradiating step* : An optical path of the light is| 
^maintained in an atmosphere, under vacuum or reduced 

pressvire - . . 

An cxpocuro method of ^ an o t he r aspect . according toj 
the present invention that illuminates a pattern formed 
on a reticle and;, transfers •;the : ;pat;pern onto an obieel 
absorbed by a wafer chuck throiigb an opti oai system 
that includes an optical clement includes the steps of 
• determining whe ther : L eiupe rat ur e ;sY'c|£ : : the reticl|.: and/or| 



I-- 



the opt i o* V syfitftni- are yin steady states , j and 
.20, irradiating the exposure light onto the ret i r/l « anri/ork 
Lhe optical system while preventing the expoourc light! 
Jrrbm: entering the obj ect / when Lhe aeUeriiLininq step | 
-..determines that the t emperfltiirA rfi strl butions are not f 
; ' . in the steady otatcc , q V 

25 - | ; ; A device fabr i Cci lili/y ; m£ Lhoii s't ili vanpther - 

aspect ot thA' prASf>nr i nvention includes the steps of 
'cxpooing an object; by using the above exposure . 



i v. 
If 



a., v 



.5 



10 



.15 
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apparatus, and developing the object: exposed. Claims 
for a device fabricating method for performing 
operations similar to that of the abpve exposurp, 
cja^p^r'arus- ■ cover deyi^ 

products. Such devices ifirlnHft s«rn-i rnntivirtor chips 
•jlikc an L Si .and ; VLSI ; • CC1%,;K LC D s ,-. : m^ne t i q / ; sensor s . 
ilhin , ^ 

Other objects and further features of the present 
invention will become readily apparent from the *■ .. 
jEpi loving do scrip t ion of. , the prof orro4 
Yref etence; ^ 

-BRIEF. DESCRIPTION : OF THB DRAWINGS { 



. . . • -t .' 

s with 

.... ■-, | 

. ' ■ ■■ 



flG ♦ 1 is a- schematic structure of an, exposure 
apparatus of one etnbodi ment ar.r.nrrii hg tr> the* prjp^^nt 
invention, ' . ,-. ; "y/"!- : • ./'^ \ 

FIG . 2 Is d schema tic sectional view showing an 
e.^f.Tn^la ry mir rd r si^pdrted by a ;m^ 



FIG. 3 is a schematic structure of an exemplary 
incidence control mechanism in the exposure apparatus 
vshown in FIG - 1 . 

FIG, 4 is a- snhftin^tic At/riinturA showing a ; 
variation ot i^^ence" control mechanism ; slr|pwn in 



25 , ; :e:ig,-;-3 : v - 



10 



1 



10 



15 



20 



20 



;V.. ? /-\\^%Gm^i is .^"/^schen^teic^ ?e ; ct iorii 
chuck of one embodiment according 



on . 



1 view of a 

ifco the pT^<Rnjtr 



FIG. 6 is a nuwchdxL-fujL. tsxplciiiiliiy huw L|6 
fabri rata rt^vi oa<5 (such as semi nnnductor chips ? 
ICs and LSIs, LCDs , CCDs/ and the like) 

FIG. 7 is a flowchart for 3t§p 4 that is a 
process shown ln : FIG. : 



wafer 



DERAILED DE SCRIPT ION OF ^HE PREFERRED EMBOD TMENfT S 



to 



accompanying 



i. 1 is a 



100 



A detailed description will now .be gLven •of an 
exposure apparatus 10,0 of one embodiment face 
the present invention, with reference to 
drawings, in each figure,; the same Element is 
dAsign^t.Ad hy t.hA ^mft retftr^rice nnme^a I , and a 
-description thereof will: ho , : omitted. Here, FIG 
schematic structure Of the exposures Apparatus 

The inventive exposure /apparatu^ 100 is a 
projection exposure apparatus 'that u^s/, as 
i 1 luminat ion light for exposure, EUV light (e.dj. ; with 
ci wavfcilt^xiyLli 0£ ,13 . 4 iuiy) Lo peiioiia' d-;;S.iep-and--scaii Dx 
sf.ftp-and-repe.at exposure/^ 

pattern on a mask 120 onto a substrate 140 to bje 
exposed. Such an exposure apparatus |s suitably 
applicable to a lithography pro ce s s b^iow subml|cron or 
quarter-micron, and a description ^rill. be given) below 



J. 
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o± this embodiment exempiariiy usi|g a step-and-scan 
exposure apparatus (which .is also ©ailed *a scanner'')^ 
The -step-and-scan manhe|v a s . u s id |e r e in> is an 
exposure method that ..exposes a mask pattern onto a 
kf^r by continuously scanning the ;waf^r re^tiv^ to 
; fehc . rnaalc, and by . moy i'ri^ ;aftor;:a: ">ho t ^ ofveKpos^re.,: the: 



Shot:. 



wafer stepwise Co Lhe next Bxpusuiev died io be 
The step-and-repeat mariner is another mode of dxposure 



method that moves a wafer /stepwise to . an exposup; area 



10 for the 1 "next ; shot : ever#phot;of cell projcotiori 

' the wafer .-'•''■ ■:■!•: ' Y; • 

The exposure apparatus, 1UU ; included 
FIG. 1, ; an i 1 lumina t ilpn^ apparatus 11 Q that illuminates 
a mask 120 that forms a circuit patterii, a maskj stage 
15 .12 5 that mounts the mask lid, a pro j ectlori : optical 
system 130 that projects diffracted light from 
ailumihated mask pattern onto the object 140, jp, 
^llynmenl detecLlun uLechcixiliiiariSO^ and a rocus 
detent i rig mechanism lb U. 
20 . A mirror and a : masJc for reflecting the EU^; 

;. Vdo not '.necessarily re^l^ 

iabsorb 30 % of the exposure light. Thereby* Llfeir 
temperatures rise, and the mirror (or optiral ^mf>nf ) 
hornet imcp deforms ; The exposure should be conducted in 
25 ! a s Leady s LaLe in which Lhe mliiui ' s LempeiaLUi;^ and 
qhapp *re fttahi ] i 7?ri. whether it is the steady 
. \ie determined by measuring the temperature of jjjjie 



,12- 



onto 



position 
light | 



state 



■if 



■if' 
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v. 



mirror (or a masJc) , and by determining whether; the> 
mirror 7 s temperature is within a predetermined 
jtemperature variance region (for example, within 0 • 2 
deqrees, more preferably within 0 .1 degrees for a 
mirror closest to the wafer oh the optical path) for a 
jprcdotormihod time period (for example, longer than 30 , 
xuiiiuLHS gx prerexcibly oxie, liuui ) . Here/ Lhe 
predetermined temperature variance region differs 
according to mirrors; ahd ; it would be within 3j. degrees, 
more preferably. ..within 1 degree for a • mirror- in . . t he .;. 
proi ection optical system 130 ; ; ;-clpse. : S;t-. to ■; the ; : .;r^ti , G'le"'- : .• 
Here, the temperature measurement nan u.se known rnnt^r-.t 
or nonT-coritact themome'|oys^/ 

m 



■> . 



As shown ih FIG . f 1:1; at : least the optical path 



The illumination, apparatus 110 uses arc EUV light 
Drresponding to an ape field in the projection optical 
system 130 r to - illximihate: the mask -120 r . and includes -an 
EUV light Bpurco'-Vii2y a 
114, , : j ; 

The KUV "lighr srtiirr.fi I \ 7 nsA.^ v tnr Axamp I r, a 
laser plasma light source. The laser - plasma < light 



• ; 13V:V'; 



15 . .. c^xough . whi ch t he bU V fright : : t r a ve Is : : (or, the enp ire -.1 [ 

optical system): jshould ^ vb^ . " 

. . vacuum atmosphere , : s i|^ce: the EUV 1 i ght haf^J low! 
jLiaxi^aii LLaiice Lo Lii^ ^If* axid cauyea c pi i L ami I i a L 1 oil s as a 
result q£ response to- ^ 
pp.1 yme r organic gas) 



1 p- 

,1 1 

■4 I 

1 



f - ■ 



.source ' irradiates "a 'highly -incensified pulse laser beam. ■ 
to a target material put in vacuum, thus generating 

wdveltiugLh uf ; dljuut 13.4 am emllleci- from this. The 
5 target materia I may u.s£ a mptal 1 i n thin f i Itti,. inert gas, 
;an;d droplets-//; etc'.- !TK©''p^ \hlgh^ 
repetitive frequency, eVg,/ usually several kHz,, lui 
^increased averaqe intensity of the emitted EUV light. 
ikl:l-ftrn^tiAre1 y r the EUV light «sourc$ 112 may'use a 
10 • - .' .^discharge plasma ''^4-1^^ 

light source 112 is nut lliaiLed Lu Lheln, but may use 
.any technology known dn^. the- art ^The -conventional 
exposure ; apparatus r :ey^ vising Pj< l ; as©r : ; -as; ;a> : -' 

■ light aourccy^ 
15 luminous (or emission ) pa r t • ' t lie J ligiit t ce' v; . . ; • 
The illuminati on optical system 114 inrl tides a 
condenser mirror 114a and an optical integrator il4b. 
The condenser mirror. 114 a condenses BUY iiqht tha L is 
radiated approximately isotropically itrom the laser 
7 0 pVa*m* light' q puree . The optical integrator 114b 

uniformly illum:;nateQ the mask 120 with a predetermined 
numerical apeitiiiei .. The ill uiulua Lion Optical system 
114 further includes an aperture 11 Ac at a position 
. . .. -c&xi j vagate : with : ths .jmas k : 1 20 f ; ^hic;h • 1 imit a an 
2 5 . ii'i^lumlhitX^ 

The mask 120 Is a cataoptric reticle, and forms, 
on a mirror, a circuit pattern (or image) Jto be' . 



it 



! 1 % 



:1 k 



It' 
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: -Jerpehdic^ 

' on the surface of mask 120 or , thft object 140. 
J/:.' . The Icpxpj ^ct; ipri: v.opt ifeaff' r^ot cWy if 9 J_ u 09 o : plural • .-. 

;multllayeir-TOl;rrors /l^a Lu project a ;>; reduced * iz& : of a ' ' 
5 pattern, formed on f.hft. *onto the object at an 

■ 'l|^P^cur*^ tC 
vjsix. ' Fur wide : exp6suie are^ small number, of . • 

/ ; iirrors> ^.the im^sk 120; ana :ob^cr 140 va te . sx ^ uUlUc l il«ua S ly 
• ; : ' |canrted ; to transfer' a>ide >irea::;tHa1- : ; is : ;Mv ; arc-shaped 
10 !^rea or ring field apar| "f rom: the ; ^ticai 'axis by 

predetermined distance. ! The, projection optical system 
1 M) inniudes tour mirrors 130a in the instant: 
embodiment, arid/ images a pattern on the mask 120 .>* * ••■ 

."vi reduction of 1 / 4 . " "j '' : 

,: ii5 '• The mir t or 130a is : formed: by grinding and 

polishing a plate marifl of a rigid and: nard material 
.having a small coefficient of thermal expansion, such 

■ J ,/ ' ^predetermined reflectio| surface shapes and by forminq 

;J : 20 : &kix^ silicon on a 

. '.: : Reflective, surface'.; : tK| ^ir*?* J^^^h:^K^^^- ; P^ / 
•■ • convex, spherical or ^ph^iic^i^ yrlth a. 

The mirror 130a is j supported^, as shown in FIG. 2, 



;i 3 i . An orientation ; of | xhe mirror 13 0a is ' chained by 
driving the actuator 131, The mirror hnlHer 1 • 



7 forms 
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r: 



- i: 



■II 



as water and 



I";' 



j-herein, and Js cooled toy coolant, such 



e. 134 



10 



en; ga s ,11 ; s upp 1 1 ed •■ by; a? 
•coiiae^Cfesd Co tW^liannel 133. ; The. coolant is si 
by a coolant circulator (not shown). The. cooiinq 
structure to the mirror 130a and the mirror holder 13? 
quickly leads- toj thje steady temperature.] Alternatively, 
khe mirror 130a ind the mirror holder:; :i3|j :nu=iy; be cooled 
hy radi ati on toy arranging a cooling plat| arranged 
"opposite to arid apart .-from-' th« -mirrjpr • b V > ' 

distance of about 30 cm. -Iler e , FI| . 2 i j>; a schematic 
'sectional view showing one exemplary mirror 130a 
: ^{supported by the ,mi rror ho l der VA'A .- . * - 

V '"■ v- ■ The object 14 0 • ,io : on oxomplary obj e|t to be • - 

Exposed, such : }a$* a wafer and a. LCD, : and |4iot ores ist is ''■ 
15 applied to the object 140. A photoresist application 
step includes a pretreatment , an adh'esio|i accelerator 
•application tr.ea£ment, a' photo resist application 
^treatment, and a pre-bake treaLmexiU. Th| pieLreatment 
{includes cleaning, drying,; etc.: The . adh|sion 
20 (accelerator application treatment is a spfa<je 

-rBlurminy process so as to enhance the a|heslon between 
the photoresist and a base (i.e., a process to increase 
the hydrophobicity by applying; a surface arrive* agent) , 
•.through a coat or vaporous process using an organic 
25 {film siach as HMDS (Hexamethyl-dlsilazane) • T^e pre- • 
bake treatment is a baling (or nnrmng) step, softer 



than that after devel o pment , which 
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removes the solvent 
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;Iux- tsxeuuple, -d 



The obj^rt f4Q i supported by theater stage 14.5 |S 



through a wafelr* chuck 145a. The w.af|r : ;s|age 145, uses, 



lxiieki: motoi f to move the 



X-Y-£ directions 



5 example, scanrfed 



the mask stage 



for example, by a laser interferometer. ;aiid Hie . like/ ..yp 



that both are 



wafer, stage 14 5a 



jstages and is 
1 ■ - ■ 

itwo electrodes 



fXhe mask 120 an£ objj^et 140 



lect 14.0 in 



are, for 



syhchronou^iy, ; a nd the : s i t i on s of 



125 and. wafer, stage: 145 arc monitored/ 



driven at a 



ratio. The 



ia placed on rough and gin© movement 



a Jjiyperbolic elect having 



4* 



The aligrtmejjtt detection merh^m measures 
{positional relationohipd between . the maojc 12C and the 
opLiOcil . axis ,uf Llie pro iection optical sy.st.eni 130, and 
TR ihAtWAA.n the object 140 and the optical ak:is c f Xhe 



i • : 



projection optical system 130 f and sets . positions and . 
jangles of the mask stage. 125. and the wafer stage 145 so 
that a projected image of the mask .120 '"'accords with a 
predetermined position on the ohj Rr.t 14 fH'- ; ' v 



ism 160 



],.■:•■ The focus position detect ion 
iuedSUie^ a lucub pusiLion of the object 140 in a , 
di recti on z , aonr-rols a •position and ; |rtgl;e of the 
wafer stage 145, .;and ;al>iNsiys ^'maint ^ins .a - .^|nr f abe pf /the ^ 
object 140 at ah image position by the projection v 
optical system 130 diirlnq exposure. : 

A mirror ajid a mask which reig ecf t pe. KUV M ght do 
not ncccboarily ref lect all the; Ell light, but absorb 
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20 



30 % of exposure light. Thereby, their 
rico . A steady-state detecting mechanisip detects the 
steady state by determining that a time change of the 
measured temperature of the mirror or roaf|c is within a 

the 



ned temperature variance region,. Here, tli 
•temperature measurement can uoc known contact or non- 



giyen of an incidence 



contact thermometers. 

Here, a description will £>e 
control mechanism 200 as one characteristic structure 

%h the exposure] apparat^ ; 10:9 . • }TG,y^ a schematic 
structure showing one example of) the incidence control 7 
mechanism 200 in the exposnrft apparatus 4"U - The 
incidence control mechanism 200 allows the EUV light 

^from-'^ 

'lis* and ohject 1 4() when the ooject 140 jJs exposed, and 
prevents the EUV light from entering theiwafe* chucV 
|l45a when the obj eft 14 0. is hot exposed, 
'control mechanism 200 includes, as shown 
alssorpt ion member 2 10/* HrH y«=« mechan i sm 
controller .230 . ' i;^:^: 

The alisoi 
•andi made of r el at i" 

>adiant^power;:materialv ;such as aluminum^, coi|rRr ^nd 



The- inciden. ac 
fia fIG. 3, a: 
522UX -and .a'y 



pLiori member 210 absorbs tjie Et'V light, 
latiyely good he at -conductive and low" 



igiass - 



aiunu-iuuii,:-..' 
5h-cauocd tcmporature rieee of 



■25; the neighboring mirror 130a and wafer ohjick :j-45a are. 

.prevented as a result ot that the, ahsorp.p1 on', member 210 
•absorbs the exposure light and its temperature rises; 

19 



If 
if- 



;-i > ■ 



•If ■ 



It 



"cuid a »eaox«i' position' dydf L rrom uh« op U 4.0=10, ^ 
the exposure light:. The drive mechanism! 220- 



id 
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The drive mechanism 22 U drives the absorption 
member: between a f irst position on an . optical,., path of 
the exposure light ; between- the ■ projection.;,, 
system 130 and, the object 140. (more sj 

cloobcjt to- thj;.pb;j.pct';i ; 40 

pii-th - 
can use 

any structure known in the : art, and a- description of. 
its. structure and operations will be omitted 

The controller 230 controls driving !>y ijh'e drive • 
mechanism -2H0 so that the absorption .member. V \ 
tho EUV light when the object 140. is not i>xp<jsed. In 
other words, the controller 230 drives the absorption 
15 ?metnbeV 210 via the .drive mechanism 230 t<j>( the second 
position when the object 140 is exposed, jand to the 
jfirst - position when the ; bbj eCt i3 not *; exposed >•;■■• 

The Lhus sLrucLUied liicideiiue oonuro^ itiechahiSiu 
*()() enables the same heat to enter the condenser mirror 
114a and optical integrator 114b in the |llumination | 
optical; system 114V the mask 120 and the [reticle .chuck 
12 5a, and the mirrors 130a in, the projection; optical- 
system 130 at same positions like the ensure time, 
and thus hoat those components similar to tho oxpocuro 
Lime. •; Oil the other hand, Lhe hedt does not enter the 
wafer rnnrW 14.4a similar to rbe exposure -rime, whereby 
its temperature distributions become similar between , 
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'■i f- 



.25. 



•:h© exposure time and the noh-exposure tune . in this-.. 
,;-.se, when the -mask 120 is scanned similar to the 
,»:posure time, the mask .120 and the .reticle chuck 125a . 
c<|n equalize the temperature distributions between the 
5 exposure time and the non-exposure time.. 

. When the power of the exposure light incident upon 
the pi o J action dpLiuul sysLeiii 130 Is entailer Lhaxi the 
• power of the exaosU.re light incident upon the ': ■ 
Lllumination opmcai system 110, the time period from 
10 the incidence io^ steady state, 

is short or ixecjmqible in the prdlection optiGal sysrem 
Dr the incident ^xposure, light ^has; such small power 
that a state variance is so small that the non- steady . 
'state can be substantially considered to be the: steady 
15 state. ' Therefore, the exposure ii<fr'i cioes not have to 
oe irradiated oi|to the projection ^ y 
pcfore substantial exposure and/or|bctween\ substantial 
ixpoaui.es. Ratifez, It ilit /undesirable Lo iriddldLe Lhe 
'exposure light ejato this projection optical system 1^0 
20 because a - mater j pi that absorbs the . exposure • light-, .„•; 
as . carbon, | adheres to a mirror surface (or 



reflective surface) . on the other hand, the exposure 
fl ight i ncident | |>on t he 1 1 Tpitii frtH on opti cal system has 
large power, th< |tirio).p^ 

exposure llyiiLrl p. the s t eady st a L e ! is so long LhaL 
there can be di;!^ . 
pptical characteristic, reflectance, etc.) between the 
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■ \ • >. ■ 



non-steady state and the steady state. Therefore, the/ 
. ••/ :eiposure- light is prefe^^y^iiradial- eel ; onto the.' ; • " 
;.: : . ; V' projection, bptical system ;130. ; ; 

Exposure and/or between substantial exposures. 
5 Accordingly, the exposure .light is introduced only to 

tho illumination optical oynto^ 1^ ^ rOCoiv °? ; largo [ • 

: ..*/• li>cldexic;e power . and requli^>: '£$'4 stecidy.: ■ 

state within a permissible range, in that pase, the 
absorption member 210 is ai^ranged : to j absorb the ■ 
10 exposure light , incident; u^n. the maoJjC 120 : .and the : 
promotion optical system 130. • 

Thus , the incidence . cpntrol mechanism 2 OU can ■ 
' prevent great ^temperature rises' in t|e mask: 120 and the 
mirrors 130a in the projection optical J system 130 ' as ' 
15 • . exposure starts, which cauW thermal strains and 

resultant positional offsets and aberration at the • •-. 
beginning of the exposure-; '■^ : .[/. ; 

Referring new to FIGif 4, a descripLioii will be 
gjven of the incidence control mechanism 2UUA as a 
20 variation of the incidence control mechanism 200. Fl)?. 
4 , is a schematic; st^ructur^ of ; the; i^ricidence control 
■ structure 200A. ri^iM^W^^^^^^'^^^^-^ 200a|: 
' V j-nci udes^ as shown in theSab^drpti Oh; rnember 210:, 

.a .drive mechanism 220A, 'and' a' cdntroller 2|;p|| The 
25 waler sUaye 145 is configured Lo. my'vy Llie waler chuck 
Asa t.o a position Jftparr. from r.he >pr.1 ca.l paTh o.f r.ne 
EUV light guided by . the prd j ectidn dptical, system ;l3u ; ••> ■'; 
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: in other words,- ".the ; wa*er ;chu<^ 140 
absorbed by the wafer chuck 1.4 5a can be. moved, from an 
image position of the projection optical system 130., 
: The drive me;chahi^ ;. . 

ront roller ? 30ft, as described later, and moves the 
absorption member 210 : ;t6:.a(^sitipn-b6twobn the . 
=■ projection optical syslem v}3u ;and the: Object.: 14 0;: uu the 
.optical path of rHe exposure light: /more specifically V. : ' 
' between-; the", projection optical system 130' s mirror 130a 
clbocot to the object. 140 ^;thd wafer chuck 145a) ;Oo 
.Llia L , the absorp tlori meniber- 210 can absorb the EUV light 
when the object is not exposed. The drive mechanism 
2 2 OA drive s the absorption member 210 to a position. of 
the. wafer chuck 145a In the instant embodiment . 
••I' '. V The controller 230JV ^cpntrols" :the ; wa^er stage 145 
\ so as to prevent the exposure light |rom. 
wafer chuck 145a when the bbject 14016. not 
tlie uunLxolltti 23 QA cu|Liyl>» diivlxiq by the- dtlve 
mechanism 22 UA so thajlthe- absorption member '210 can 
absorb the EUV light men the object 140 is not exposed. 
In other words, the c<gtroller 230A drives the . 
absorption: member 2l0.tvia a moving mechanism of a wafer 

14* tn retreat iffie v?»fpr staged 45 to a position 
apart from the opticaMpath of the exposure light 
guided by the projection optical system 130, and to 
move the absorption member 210 via the drive mechanism 



entering the 
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IK 
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j22U to a position on the optical pjs.th of the exposure 
' light guided by the projection optical system 130. 
I Similar to the' incidence control mechanism 200, 

the thus structured incidence control mechanism 200A 
5 j^nables the sortie heat to enter : the, condenser' mirror 
114a and optical integrator. 114b in the " iilumi?iation 
ppLicdl system 114 , the |uask 120 and the reticle chuck 
: |125a, and the mirrors I3pa in the projection optical 
system 130 at same ppsiiibns like the exposure time, 
10 and thus heat the a c. comfcento; pimilar to ;th:c . cx|oo\irc • 
• time. On the other hanf|, ; the heat does no L eater Lhe:- 
I Later chuck I4ba similar to the exposure time, whereby 
jit© temperatuije disjtributions become similar between . :.. 
the exposure time and the non-exposure time. 
,15 Since the illumination optical system 114, the 

mask 120, the projection optica] system 130 and the . 
wafer chuck 145a can maintain their tcmpcraturco and 
'•:•'! thus theriuctl • sLiaiiis cilnjust cons Cant when exposure 
I 1 starts trom the; standby time; the trans ter precision 
20 can be prevented from deteriorating. 

, 'The instant embodiment eliminates a limitation on 
an arrangement of the absorption member 210 and 
facilitates the maintenance, snr.h as a small interval ; 
iotwocn the projection optical system 130 'e mirror 130a 
.25 Closest to :Uhe object 140 gii<J the objact 140. In 
... 1. ' ^drtitibn, , the Instant embodiment d$es not requite a 
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complex structure of the incidence .control ineqh^nisrn 
200A and thus has an effect of cost reduction. 

In the non-exposure or standby time, the EUV light 
euiilLed from the EUV llqht: !; source ,112 is introduced to 
.S at 1«W«t part of the. optical elements in the f 

illumination optical system 11 4 f the mack 12C|,. and the 
projection optical sy^Lem 130. In this case, L he 
absorption member 210 inj the incicience control 
mechanism 200 or :a retreated wafer chuck 145a by the, j 
10 waf or . otagc 14 5 in the incidence control mechan ism 20 OA 
shield Lhe wafer chuck 145a from the EUV liqh"c . 
, Then, the controller or 2 BOA dfttftuninp.d 

;'• whether ^fch^ : 
.. pptical system 11 4, the pask : 1 2.0 /: , and the projection 
15 Optical system 130 have a steady temperature 

~H stri hi.it i on . The temperature distribution is 
temperature difference between the center andv|ihe 
peripherals. The . steady ^sj-aLe delected as discussed 
above. The controller 230yor 230A maintains the 
20 standby st ate , . wheni determining that the optical 
: element '-does'- '.not have '. the ^ steady sta t e >• . -so^s^kd-. 
•preve^ of { t*^ wafer r chuck 145a from 

rising rtim to fh« F.TTV light. The controller 230. or 
.. 23 OA terminates th^ j 
25 elemeuL has Llie ^Lfcaady Leiupe^aLure dis Lrlbu Lion . 



the .controller; 



S3 i 



Her 230 or 230A^ removes r|<h ab<soriVM on 



member 210 ih the /ihc'i^ 



2 00 : ",:f rprti; 



!.2;5; 
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the optical path, of the kiuv light or returning the 
V*fer rhucV 145a on the optical path of the E.UV light 
for the incidence control mechanism 200A, anc. allows 
the EUV llqUL Co enter the ob jeyL 14 p. The instant 



trn expose 
tho mack 



h em.boriime.rif use.s an arc o.f<^irig imagR 
j -the ©ntirG surface of tife mask 12 Q by ecannii 

' I -. A 12 0 ;;ciiid the "■ 

i a reduction ratio,- v. * ?■ ' ' 

\ A wafer chuck 300 shown Mn'' PIG. 5 can equalize the 

10 temperature distributiorio -of - an optical element in thjc 
exposure ^ppaia|uii lpO ;i|eLween Lhe exposure Lime and 
rhe non-exposure time, 'and;, improves' effects pi: the . 
lincidence .control mechanisms '200 and 200A. Here, FIG. 
fe-is- a schematic sectional view off the wafer cjiuck 300 
■jof one embodiment: according to the|present invention, 
j, vjr he wafer Whnr.k '""■inn has W^^^^^^^ {riot shown) ; ; andj 
1 jabeorbs the objoct 140 through cvn clcctxootatic 
• {■ ' absorption force.. •' p : \tv • •'• i': 

The wafer chuck 30 Qj has, as s|own in VIG. b, a 
?Q projection 310 that .contacts and absorbs the object 1*0, 
■ land a concave that does hot contact the object 140, 

■ jrhe iiiaLauL embodiment xi^iuLciiiiy a ; coxiLacL ratio to be 
' 2u % or azhaJ J er between ^hp projection Ml) a-nd *b« 
object 140 or a ratio of tjie projection 310 to the 
25 entire surface that; sums up; the projection 310 and the \ 
concave 320 on the pfer chuck 300 - Thereby, the. 
thermal resist ance^ increases between the wafer chuck 
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.300 arid the object 14 0, to. prevent the temperature from 
.easily transmitting to the! wafer chuck 300, in 
particular, under the y^cuym or reduced pressure 
atmosphere. . A smaller contact ratio prevents the 
. tflTnperetJirfi propflrj^ti on from fbft phjfir.f 1 40 to the . 
chuck 300, but an excessively small contact area leads 
to. the insufficient ctbscaptiou foxce. Such an 
absorption force may be top ^maii to accelerate or 

decelerate the object 1< p: jduriiig the exposure.- . 



obto the contact 



Therefore, the inctant <^^;pdirrteht{r 

jratiu lu be about . 20 %, bull Lhe\ conLaciV ra lio smaller 
jthan 20 % ' is viable irbitt t|iey 

Jay the electrostatic chuc k£ 

When the obj ect 140^ chuck 
$00 can prevent its temperature rise; .When the ob j ect 
140 i s not Reposed, the |wajfer otmcV: 300 does not cause 
the temperature ripe oinco] the cxp|ourc light celdom 
sntexs Lhe wafer chuck 30 01 Since the illumination 
'optical system 114, the ma^k v i2p, the projection 
Lptical system 130 and the|:w§fe'r ; c^uck 300 can maintain 
Jtheir temperatures and tjhus thermal strains almost 
pons LanL when exposure sLaxLs from ' Lhe standby Lime ,. r . 
the transfer prer.i ki on ranf be prAv^ntPid from 
deteriorating.;- ; -| r • 

'. ; ke Tex xing • .'to * "PIGs ... ■.'£ ]^id : : ;^f'^ a^^de&CiipLipn yili now 
be given of an embodiment pf a device fabricating 
method using the above mentioned exposure, apparatus 100. 
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.FTP- I'M 
■devices 



Is a flowchart Jbr 



explaining a fabrication ot 



|i.e., semiconductor .chips such as IC and LSI, 
Here, ^ description will be given 



LCDs , CCDs, etc.): 

of a fabrication of a semiconductor chip as an example 
Step 1 (circuit design) designs a semiconductor qlevice 
circuit. j ; Step 2 (raaok f objeipation) forme a maok, having 
a designed circuit palLeml Step 3 (wafer making) 
manufactures a wafer jislng materials such as silicon. 
•Step 4 (frafer process) r whjLch is referred to : as a 
pretreatment, forms actv plj; circuitry on the wafer 
through photolithography, usinq the mas k. and wafer 



%6t oiithoqr aphyv usinq 1 

' !'■'•• 

'st-.ftp 5 (assflmhly), which i p also referred to as a post- 
troatmcnt, forme into a semieonducior chip the wafer 
formed in 3tep 4 and : inclu|ies an-a|sembly step : (e.<7- , 
dicing, bonding) , a packaging step (chip sealing) and 
•the , like],.' Step 6: (inspejctjlon) performs' various, tests 
for the semiconductor device made in Step 5, such as a 
yallditiri' test ..aiid « ■d^mily'leisL. , through these-' 

steps, sflffli r.ondnr±.n|.;Jevi r.e is finished; and shipped 

(Step 7)1 

•,' FIG. 7 is a detailed flowchart of the wafer 
process In Step '4. si A 11 (oxidation) oxidizes the 
wafer's lurf ace . Step, ft j(CVD) -forms an 
;film on:thc wafer' o o|(Jac|e.-' Step 13 .(o^. 
. formation) ' forms elec 

'.spa's 1 tp on *nrl th« I |;J 
implants ion into the wl.'fer. ' Step 15' (resist process) 



.dctrodp 
dtSs on the wafer i by vapor 

step 1 4 (inn iitiplanran on) 
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japplies a pnotosensitive m|iterial onto the water. Step 
ji6 (exposure) uses the ||eposure apparatus 100 to expose 
a circuit pattern on th^l m^sk onto the wafer. Step 17 
(development) develops the: exposed wafer, Step(l8 
(etching) etches parts oth^r, than a developed resist 
imago. 1 Stop 10 ( rcciot fctjripping) remove c didu fod 



ibSib'L ; dll ex etching. These y tepy ;are .'repeaLe 



■. ; .r- : 
"■J* 



. arid 



multilayer circuit pattern^ are - ; to rie d ; b h ; t h e water/ 
The device fabrication metjio^i of the instant .embpdimejbt 
10 jtvay manufacture higher quality devices 

art. In this manner , the device fabricating, method. 
that uses such an exposure?. apparatn.s 100 and .the device, 
as a final product serve ae other aspbets according tp 
the' ofesfiht i rive h t i bh . 'vvK'--. ■•":>" v: ; : <S 



the present ihVfehtibn; 
; further, the present invention is not limited to, 
these preferred embodiment -f, but various - modifications 
and y d r i a t i o n 3 may be made I without departing • f r prri '-' t j^ej | 
fipii.iL and scope uif the pxebeivl ^juventioxi Fp^f 



the present invents 

T ■ ' .." V ■ . '• : •.• ' : • 

Exposure apparatus. 



or* is] 



app.i'i cah I e not , on I y 'i t a 



.rat us 



as an ED exposure . apparatus arid ap. exposure ; a.ppj^ 
that has an equal magnification and uses SR as light 



snnrrp,. 

r. ■ 



but jalso suchj exposure apparatuses 



Thus presont qitoodimontq may: provide an 



2 5 11 1 Luuix id L 1 u ii t> y y L ea 



Llici Utvis- not easily affec Led! 



light source f 1 nctuar.i on yhi Te 'YlAr.raflWi rig t'h« ri 
pptical members in a lithography using the EUVlLight. 



|by; • 
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This stabilizes "baking pattern's property, and ^mprovbs 

i-.'i-- . .. • ' ■■" ••••• • •• . f'V- -'^Vri-x V ~ ',"}..•. N':,.' ♦ r' ' . : ./ v ' s vvS l l #3 

a jrema.r kable yield in a 'device -manufacturing ;$t pp . 

.optical system of fewer members increases its ItLght 



fuLlli^dLiua erricleiicy , • a rici i : hi q he r i 1 1 unii nance \ Dii a 

V ... - i 4 . '• ' .: • --. • : • • 'it- • 

water wit.h a\ I i ght. .sonrnA nf j thR iqRTnM power >tn 



AS 

cirastically improving de^ipe- mass production. - 
j J This invention can pipvide ••an;|exposui'^ > ' a^pitraL-d^ 
That, almost equalizes temperature qistriburions of itjk 
pigment between tho exposure c time ind . the noh- exposure 
tipie for maintained rooo|lu$: ipn arid iniproypd throughpu. 
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